The 1999 eruption of Cameroon Mountain was restricted to two sites and controlled by fissures subparallel to one another. Brittle failure, vertical displacement, horizontal displacement and ground deflation are the main types of ground deformation around these sites. The eruptive vents at both sites have a NE-SW trend parallel to the principal eruptive fissures and brittle discontinuities in rock bodies in this vicinity. S H (greatest horizontal stress) is inferred to have a SW-NE trend parallel to the direction of vent migration and fracture propagation.
Introduction
Cameroon Mountain attains a height of 4090 m above sea level and is a topographic feature of enormous expanse along the over 1500 km long NE-SW trending intraplate volcanic belt called the Cameroon Volcanic Line (CVL). This mountain is an active volcano that erupted at least six times in the last century -1909, 1922, 1954, 1959, 1982 and 1999 . The eruption of 1922 and that of 1999 posed major threats to agro-allied complexes and road infrastructure around the Southwestern flank of the Mountain. The 1999 eruption for example, produced lava that destroyed a palm plantation and eventually truncated a major highway linking key agricultural and urban centres in the region. The fear of future catastrophic eruptions has heightened scientific interest in the study of this volcano particularly in relation to predicting future eruptions and locating potential eruption centres.
The science of eruption prediction is in its development stages although seismic studies of volcanoes in certain parts of the world have been quite effective in predicting eruptions (see, for example, Tokarev, 1985) . Similar investigations of seismic swarms around Cameroon Mountain (Fairhead, 1985; Tabod et al., 1992; Ateba and Ntepe, 1997 ) are on, but results obtained so far cannot be used to predict eruptions unequivocally. These data can, however, be supplemented by geological investigation of fracture patterns, fracture propagation trends and ground deformation styles accompanying previous eruptions. Investigating the distribution and history of neotectonic structures can benefit society from the perspective of increasing the database that underpins seismic hazard assessment (Stewart and Hancock, 1994) , mitigation strategies and eruption prediction.
Neotectonics is a branch of geology that seeks to understand earth movements that occurred in the past and are continuing at the present day (Mörner, 1990) . Studies such as those of McGuire and Saunders (1993) , McGuire et al. (1990 McGuire et al. ( , 1991 have often identified different types of ground deformation in response to volcano-tectonic activity around eruptive volcanoes. The style of ground deformation is a reflection of the pattern of magma storage and movement within the volcano (Stewart and Hancock, 1994) , the nature of the stress field around the volcano and the availability and location of favourable fissures (joints and faults) to act as conduits during an eruption. Unfortunately most of these structures and landforms developed during eruptions rarely last for long, requiring an almost immediate post-eruption study before they are obliterated by natural processes of wind and water erosion. On the global stage, volcanologists are increasingly developing models of forecasting volcanic activity around active volcanoes by making use of past eruption patterns (Mattox, 1999) , ground deformation accompanying previous eruptions as well as vent migration trends (Decker et al., 1995; Lockwood, 1990 ). These aspects are the preoccupation of this article pertaining to the 1999 eruption of Cameroon Mountain which hitherto has witnessed very little or no post-eruption neotectonic study.
In this contribution we show that the 1999 eruption was confined to fissure-controlled vents aligned approximately NE 
Geological setting of Cameroon Mountain
Cameroon Mountain forms part of the Cameroon Volcanic Line (CVL). This volcanic line is a unique within-plate volcanic province that straddles a continental margin (Fitton and Dunlop, 1985) . It is an alignment of Tertiary to Recent alkaline oceanic and continental volcanoes and anorogenic plutons trending averagely N30˚E and stretching for over 1500 km. Half the line lies in the Atlantic Ocean and half on the African continent ( Figure 1 ). The oceanic half comprises four volcanic islands, namely, Pagalu, Sao Tome, Principe and Bioko. The continental segment is composed of the volcanic masses of Cameroon Mountain, Manengouba, Bambouto, Oku and Biu (Figure 1 ). Also, along the continental half are anorogenic granitic (syenites, granites) and rhyodacitic plutons. Basalts, trachytes and lamprophyres are common volcanic units along the Cameroon Volcanic Line (Fitton, 1980; Marzoli et al., 2000) . However, the lava series is often highly diversified such that hawaiites, mugearites, phonolites, rhyolites and theralites as well as feldspathoid-rich rocks (notably nephelinites) are widespread along this volcanic chain. Basaltic rocks in the oceanic and continental sectors are geochemically and isotopically indistinguishable (Fitton and Dunlop, 1985) . This suggests that rocks from these two sectors formed from lavas with identical convecting upper mantle sources. Volcanism along the CVL dates from 65 Ma to present day. Isotopic studies by Halliday et al. (1990) and Lee et al. (1994) have suggested a migration of volcanic activity along the CVL with time. Structurally, the CVL has been considered to be a product of hot-spot activity related to the movement of the African plate over a hot spot (Coulon et al., 1996) . The most widely accepted structural explanation for the origin of CVL is that it is the product of Cretaceous reactivation of Pan-African strike slip faults trending N70˚E and represent an eastward shift of the West African Rift system from the Benue Trough (Maluski et al., 1995; Coulon et al., 1996; Binks and Fairhead, 1992) . These faults serve as passageways in the lithosphere tapping a hot asthenospheric zone, and they are extensions of the Pernambuco fracture zone. CVL is therefore underlain by a megashear zone.
Cameroon Mountain is the only currently active volcano along the CVL and it is situated at the boundary between the oceanic and continental segments. It is a massive landform spanning tens of square kilometres in area. The mountain is adorned with cinder and composite cones of the previous volcanic activity as well as craters both around the summit and on the flanks of the mountain (Figure 2) . The alignment of cones on this mountain mostly follows fracture and/or fault trends.
Method of investigation
Neotectonic investigation usually involves geodetic, geophysical and geological studies. This study was purely geological in nature involving detailed field observations and structural investigations of the 1999 eruptive sites during and immediately after the eruption.
Results and interpretation
The 1999 eruption of Cameroon Mountain occurred at two sites or centres (Figure 2) , namely, Site 1 situated at a height of 2630 m and Site 2 at a height of 1500 m. The eruption at Site 1 was typically explosive in nature emitting lava, tephra and volcanic gases from well over 12 vents aligned NE-SW (averagely N60˚E). The vents further to the SW opened first, followed by those to the northeast (NE) in a systematic manner. This linear vent migration pattern was controlled by a fissure that propagated in a zip-like manner from SW to NE. Cinder and composite cones eventually built up around these vents.
At Site 2, vent migration was not very obvious. Copious lava was emitted from this site far exceeding that from site 1. Over 20 erupting vents were identified at this site, all of which were also aligned along a NE-SW trending fissure. The eruption was generally accompanied by felt earth tremors.
Neotectonic features
The main structural elements around Site 1 are provided in Figures 3A and 3B . A fracture spectrum along the eruptive fissure was clearly observed between the cones. These fractures were reminiscent of brittle failure and showed evidence of fracture tip propagation from SW to NE. The principal fracture trend runs parallel to the eruptive fissure as depicted in the rose diagram in Figure 3A . These fractures and the main fissure are not discrete planes but comprise an anastomosing network of interconnected discontinuities. The nature of brittle failure associated with the eruption at Site 1 is distinctly displayed on rock boulders along the course of the central fissure. These boulders were shattered and fractured. On such fractured boulders several of these discontinuities have a pronounced strike slip component parallel to the N60˚E trend of the main fissure ( Figure 3B ). Evidence of ground deflation in the form of hollow cavities resulting from magma movement was also observed a few centimetres away on either side of the main fissure. These cavities or openings in the ground some of which reached 3 m in diameter follow a trend closely parallel to the eruptive fissure and are quite deep. The cavities which we describe as collapse fissures do not occur randomly but rather are in series. These cavities define a shatter zone ( Figure 3A) and are inclined with the open ends to the NE.
The geological landforms at Site 2 are different from those for Site 1. Here, shattering was not obvious and cones are very low (most as low as ground level) to non-existent. The eruption conduits are all aligned within a collapsed or depressed but continuous fissure (Figure 4) . The depressed fissure is a product of vertical displacement and varies in width along its length and has raised rims due to ground compression as the fissure dilated perpendicular to its Mountain showing  cones, eruptive vents and location of 1999 eruption sites. strike during the magma ejection episodes. This horizontal dilation or ground displacement is a result of forceful magma ejection.
Figure 1 Location of the Cameroon Volcanic Line with its main volcanic centres. (1) Ngaoundere plateau, (2) Biu plateau, (3) Oku, (4) Bambouto, (5) Manengouba, (6) Cameroon Mountain. Inset: the Cameroon Volcanic Line within the African Continent.

Figure 2 Main structural features of Cameroon
Discussion
As magma rises within the earth's interior towards the surface, it exerts pressure on the overlying earth materials. These materials eventually dilate or shatter to give way for the highly charged magma to be erupted onto the earth's surface. Ideally, the shattering will not follow a particular trend and microfractures developed in adjacent rocks will be randomly oriented. Shattering during the 1999 eruption of Cameroon Mountain was predominantly confined to an averagely NE-SW trend. Brittle structures in boulders developed during this eruption also followed this trend. The principal stress accompanying the eruption was directed from SW towards NE and this was the trend of rupture propagation. These findings suggest that fracturing along and around the eruption fissure was not only due to magma movements but also reflects the nature of the contemporary stress field around Cameroon Mountain. Studies of aligned active volcanic vents around Aleutians and Alaska (Nakamura et al., 1978) for example, concluded that S H (the horizontal stress) in this region has a direction parallel to the trend of the alignment. Following this trend of thought, we therefore postulate that around the Cameroon Mountain volcano, S H has a horizontal SW-NE trend parallel to the alignment of the vents, direction of fracture propagation and the principal trend of brittle structures. Understanding the orientation of S H of a contemporary stress field around a volcano is of both scientific interest and practical value (Stewart and Hancock, 1994) , especially from the perspectives of earthquake hazard reduction and predicting future eruptions. The mapping out and close observation of NE-SW trending fractures parallel to S H could therefore be useful in delineating regions prone to brittle failure and horizontal ground displacement during subsequent eruptions.
Conclusion
In this contribution we have shown that brittle failure and vertical/horizontal dilatational ground movements were the main styles of deformation accompanying the 1999 eruption of Cameroon Mountain. The eruption was controlled by NE-SW trending fissures. This trend appears to be the most susceptible to future eruptions. These results are purely geological and preliminary in nature. They cannot be used in isolation to predict future eruptions but are a significant contribution to the database geared towards understanding the dynamics of volcanism around Cameroon Mountain and forecast of possible eruption centres. The greatest horizontal stress (S H ) around this volcano has a SW-NE trend. Delineating regions with fractures (faults and joints) having this SW-NE trend is therefore crucial to assessing threats posed by future eruptions to infrastructure. 
Figure 3 (A) Main structural and neotectonic features at site 1 of 1999 eruption, Cameroon Mountain. Rose diagrams (N = 30 for each) show main fracture trends (see text for discussion). Latitudes and longitudes determined by GPS. (B) Fracture pattern on rock boulder along the main eruptive fissure, Site 1. Stereoplots show components of strike slip displacement.
Figure 4 Block diagram showing main neotectonic features at Site 2 of 1999 eruption, Cameroon Mountain. Cones not drawn to scale. Boundaries of the depression are not faults (see text for discussion
